On September 22, 2017, the U.S. Food and Drug Administration (FDA) granted accelerated approval for pembrolizumab (Keytruda, Merck & Co., Inc., Whitehouse Station, NJ) for the treatment of patients with recurrent, locally advanced or metastatic, gastric or gastroesophageal junction (GEJ) adenocarcinoma with disease progression on or after two or more systemic therapies, including fluoropyrimidine-and platinum-containing chemotherapy and, if appropriate, HER2/neu-targeted therapy, and whose tumors express programmed death-ligand 1 (PD-L1), as determined by an FDAapproved test. Approval was based on demonstration of durable overall response rate (ORR) in a multicenter, openlabel, multicohort trial (KEYNOTE-059/Cohort 1) that enrolled 259 patients with locally advanced or metastatic gastric or GEJ adenocarcinoma. Among the 55% (n = 143) of patients whose tumors expressed PD-L1 based on a combined positive score ≥1 and either were microsatellite stable or had undetermined microsatellite instability or mismatch repair status, the confirmed ORR as determined by blinded independent central review was 13.3% (95% CI, 8.2-20.0); 1.4% had complete responses. Response durations ranged from 2.8+ to 19.4+ months; 11 patients (58%) had response durations of 6 months or longer, and 5 patients (26%) had response durations of 12 months or longer. The most common (≥20%) adverse reactions of pembrolizumab observed in KEYNOTE-059/Cohort 1 were fatigue, decreased appetite, nausea, and constipation. The most frequent (≥2%) serious adverse drug reactions were pleural effusion, pneumonia, dyspnea, pulmonary embolism, and pneumonitis. Pembrolizumab was approved concurrently with the PD-L1 immunohistochemistry 22C3 pharmDx test (Dako, Agilent, Santa Clara, CA) for selection of patients with gastric cancer for treatment with pembrolizumab based on PD-L1 tumor expression. The Oncologist 2019;24:103-109
INTRODUCTION
Although the incidence of gastric cancer has been declining over the past two decades, it is the fifth most common malignancy in the world after cancers of the lung, breast, colon/rectum, and prostate [1, 2] . Gastric cancer occurs more commonly in men than in women, and incidence varies across geographic regions; approximately half of all cases occur in East Asia (predominantly in China), where the highest estimated mortality rates are observed (24 per 100,000 in men and 9.8 per 100,000 in women in East Asia, compared with 2.8 in men and 1.5 in women in North America). In the U.S., an estimated 28,000 patients were diagnosed in 2017, and approximately 10,960 patients were expected to die from the disease [3] . When diagnosed in the localized stages, gastric cancer is curable, with an approximate 5-year survival rate of 70% [4] . Most patients in the U.S. present with symptomatic, incurable disease; in this setting, prognosis is poor, with a 5-year survival rate of less than 10% [5] .
Platinum-and fluoropyrimidine-based combination chemotherapy regimens are used worldwide as the initial treatment of unresectable or metastatic gastric and gastroesophageal junction (GEJ) adenocarcinoma. Reported median survival with these regimens ranges from 8 to 10 months [6] [7] [8] [9] [10] [11] . Platinum-fluoropyrimidine doublet regimens are preferred in the U.S., because the toxicity rate generally is lower than that observed with three-drug regimens, which are generally reserved for medically fit patients [12] . Docetaxel in combination with cisplatin and fluorouracil is approved by the U.S. Food and Drug Administration (FDA) for the treatment of patients with advanced gastric and GEJ adenocarcinoma who have not received prior chemotherapy for advanced disease. In addition, trastuzumab in combination with cisplatin and capecitabine or 5-fluorouracil is approved for the treatment of patients with HER2-overexpressing metastatic gastric or GEJ adenocarcinoma in the first-line setting.
After failure of first-line therapy, options for treatment include ramucirumab, which is FDA-approved as a single agent or in combination with paclitaxel. FDA approval of ramucirumab was based on improved survival in two randomized trials. In the first trial, patients who received ramucirumab monotherapy experienced improved survival (hazard ratio [HR], 0.78; 95% confidence interval [CI], 0.60-0.998; p = .047) compared with patients who received placebo, corresponding to an increase in median progression-free survival from 3.8 to 5.2 months [13]. In the second trial, patients who received ramucirumab with paclitaxel experienced superior survival (HR, 0.81; 95% CI, 0.68-0.96; p = .017) compared with patients who received paclitaxel alone, corresponding to an increase in median overall survival [OS] from 7.4 to 9.6 months, as well as a significant improvement in overall response rate (ORR; 28% vs. 16%; p < .001). The median duration of response was 4.4 months in the ramucirumab plus paclitaxel arm and to 2.9 months in the placebo plus paclitaxel arm [14] . Although not FDA-approved, single-agent irinotecan and docetaxel are additional treatment options, based upon the results of the results of three randomized trials, which demonstrated improvement in OS in patients who received these agents compared with patients who received best supportive care [15] [16] [17] . In these trials, the median OS ranged from 4 to 5 months.
On May 23, 2017, the FDA granted accelerated approval for pembrolizumab for the treatment of adult and pediatric patients who have either unresectable or metastatic, microsatellite instability-high (MSI-H) or mismatch repair deficient (dMMR) solid tumors that have progressed after prior treatment and who have no satisfactory alternative treatment options, or who have metastatic, MSI-H or dMMR colorectal cancer that has progressed after treatment with a fluoropyrimidine, oxaliplatin, and irinotecan [18] . The approval was based upon pooled data from single-arm studies in which the observed ORR was 33% (95% CI, 23.7-44.1). The majority (78%) of responding patients had response durations of 6 months or longer.
Pembrolizumab (Keytruda, Merck & Co., Inc., Whitehouse Station, NJ) is a humanized monoclonal IgG4-κ isotype antibody that binds to PD-1, blocking its interaction with programmed death-ligands 1 (PD-L1) and 2 and releasing PD-1 pathway-mediated inhibition of antitumor immune response. The upregulation of PD-1 ligands occurs in various tumor types, and signaling through this pathway can contribute to inhibition of active T-cell immune surveillance of tumors.
TRIAL DESIGN
KEYNOTE-059 is an ongoing, open-label, multicenter, and multicohort trial entitled "Phase II Clinical Trial of Pembrolizumab as Monotherapy and in Combination with Cisplatin +5-Fluorouracil in Subjects with Recurrent or Metastatic Gastric or Gastroesophageal Junction Adenocarcinoma" (NCT02335411). KEYNOTE-059 was designed to evaluate the tolerability, safety, and antitumor activity of pembrolizumab. Patients were assigned in a nonrandom fashion to one of three cohorts to evaluate pembrolizumab as a single agent (Cohorts 1 and 3) or in combination with chemotherapy (cisplatin in combination with fluorouracil; Cohort 2). Data provided to support this application were limited to Cohort 1. Key eligibility criteria for Cohort 1 included the presence of histologically or cytologically confirmed recurrent or metastatic gastric or GEJ adenocarcinoma tumors considered incurable by local therapies, evidence of disease progression on at least two prior chemotherapy regimens, presence of measurable disease based on RECIST version 1.1 as determined by blinded independent central review, and Eastern Cooperative Oncology Group performance score 0 to 1 and submission of tumor tissue exploratory testing for PD-L1 expression. Patients with active autoimmune disease, a medical condition that required immunosuppression, or evidence of interstitial lung disease were ineligible.
The protocol enrolled patients without regard to tumor PD-L1 status; however, analysis of PD-L1 testing was performed in all patients. PD-L1 status was determined using an investigational device exemption-approved immunohistochemistry (IHC) assay. In this assay, PD-L1 expression was measured on formalin-fixed paraffin-embedded tumor samples. PD-L1 protein expression level was determined using the Combined Positive Score (CPS), defined as ratio of PD-L1 membrane-stained cells at any intensity (tumor cells, macrophages, lymphocytes) in the tumor microenvironment to the total tumor cells present, multiplied by 100. In KEYNOTE-059, a tumor sample was characterized as PD-L1 positive if the CPS score was greater than 1. Microsatellite instability expression was retrospectively tested in patients who had matching tissue and blood samples available.
Patients received pembrolizumab 200 mg administered as a 30-minute intravenous infusion on Day 1 of every 3-week cycle for up to 2 years until disease progression, unacceptable toxicity, withdrawal of consent, or investigator discretion. Patients with progressive disease (PD) in
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Pembrolizumab for Recurrent Adenocarcinoma noncritical anatomic sites and who did not require urgent intervention were permitted to continue study treatment if they did not exhibit decline in clinical signs or symptoms. Such patients were reimaged 4-6 weeks after initial progression and were permitted to remain on therapy and resume regularly scheduled imaging if the follow-up scan did not confirm PD.
In Cohort 1, the co-primary efficacy endpoints were ORR per RECIST 1.1, as assessed by central radiologic review, in all patients and in patients with PD-L1-positive tumors using descriptive statistics. Cohort 1 was designed to demonstrate that among patients who received pembrolizumab, the lower bound of the 95% confidence interval for ORR would be 10% or higher. The protocol's analysis plan proposed a sample size of 180 patients in Cohort 1 comprising 90 patients with PD-L1-positive and 90 patients with PD-L1-negative tumors. The protocol also included a plan to conduct a futility interim analysis when the study had enrolled approximately 40 patients who were evaluable for response, with an estimated 25 patients with PD-L1-negative tumors. During the interim analysis for futility, enrollment of patients with PD-L1-negative tumors was suspended while enrollment of patients with PD-L1-positive tumors continued. Enrollment of patients with PD-L1-negative tumors resumed when the futility criterion was not met. Based on the interim futility analysis results, the protocol was amended to increase the sample size for Cohort 1 to 210 patients so as to have at least 120 patients with PD-L1-positive tumors enrolled. The statistical hypothesis test for the primary endpoint was removed from protocol; in the absence of formal hypothesis testing, no multiplicity adjustment was applied. All patients who received at least one dose of pembrolizumab were included in the efficacy and safety analysis populations.
RESULTS
A total of 259 patients with gastric or GEJ adenocarcinoma enrolled in KEYNOTE-059/Cohort 1. The baseline and disease characteristics for the 259 patients are provided in Table 1 . The most common sites (>5%) for enrollment outside the U.S. were Japan (13%), France (5%), Israel (5%), and Australia (5%). MSI expression was retrospectively tested in 67% of the study population (n = 174); in this subgroup, 4% (n = 7) had MSI-H and 96% (n = 167) had microsatellite stable (MSS) gastric cancers.
Efficacy
The median follow-up for the study population was 5.8 months (range, 0.5-21.6). The efficacy results for the overall population and in exploratory subgroups based on PD-L1 and MSI status are provided in Table 2 and Table 3 . A description of the specimen characteristics is shown in Table 4 .
Among the 143 patients whose tumors were PD-L1 positive and MSS or had undetermined MSI or MMR status, the ORR was 13.3% (95% CI, 8.2-20.0); 1.4% had a complete response, and 11.9% had a partial response. Among the 19 responding patients, the duration of response An analysis of tumor PD-L1 expression status by age of tumor specimen revealed that the number of PD-L1-positive specimens was higher (73.3%) in patients who had more recently obtained (≤42 days) tissues tested with the PD-L1 IHC 22C3 pharmDx (Dako, Agilent, Santa Clara, CA) compared with patients who had archival (≥42 days) tissue tested (49.9%). The distribution of PD-L1 status based on age of specimen is shown in Table 5 .
Safety
The assessment of safety for this application was based on data from the "as-treated" population (n = 259) enrolled in KEYNOTE-059/Cohort 1, defined as all patients receiving at least one dose of pembrolizumab. The median duration of pembrolizumab exposure was 2.1 months (range, 1 day to 21.4 months).
Serious adverse events (i.e., adverse events resulting in death or the need for hospitalization, prolonged hospitalization, or medical intervention to avoid hospitalization) occurred in 45% of patients. The most frequent serious adverse events were pleural effusion (3.5%), anemia (2.7%), intestinal obstruction, pulmonary embolism (2.3% each), nausea, vomiting, sepsis, dehydration, back pain, and acute kidney injury (1.9% each). Pembrolizumab was discontinued because of adverse events in 2.7% of patients. The most common adverse events (reported in ≥20% of patients) were fatigue, decreased appetite, nausea, and constipation.
The risks of pembrolizumab are well characterized from the results of randomized clinical trials enrolling patients with metastatic melanoma, non-small cell lung cancer (NSCLC), and urothelial carcinoma. Adverse reactions, including immune-mediated adverse events, occurring in patients with gastric/GEJ adenocarcinoma were generally similar to those observed in patients with melanoma or NSCLC treated with pembrolizumab (n = 2,799). Immune-mediated adverse events were reported in 17.8% of patients. The most common immune-mediated adverse events (reported in ≥1% of patients) were hypothyroidism (8.9%), hyperthyroidism (3.5%), colitis (2.3%), pneumonitis (1.9%), infusion reactions, severe skin reactions, and thyroiditis (1.5% each). The majority (73.9%) were grade 1 or grade 2 in severity.
DISCUSSION
Locally advanced or metastatic gastric/GEJ adenocarcinoma is a serious and life-threatening disease with an estimated The major issues addressed by the FDA review team during evaluation of this supplemental application included (a) whether data from Cohort 1 of the KEYNOTE-059 trial provided substantial evidence of the treatment effects of pembrolizumab in patients with PD-L1-positive and those with PD-L1-negative gastric/GEJ cancer, (b) to what extent the effect observed in the subgroup of patients with PD-L1-positive tumors was driven in part by the presence of patients with MSI-H tumors in either subgroup (because pembrolizumab is already approved for the subgroup of patients with MSI-H gastric/GEJ cancers), and (c) whether testing for PD-L1 status reliably identified patients who would benefit from treatment with pembrolizumab, considering the age of the tumor specimen.
Given that pembrolizumab was already approved for the treatment of patients with MSI-H tumors (including MSI-high gastric cancer), FDA's assessment of clinical benefit (see Table 6 ) excluded patients with tumors known to be MSI-H. Although a substantial minority (33%) of patients in KEYNOTE-059/Cohort 1 had unknown MSI tumor status, FDA included these patients with MSI-H unknown tumors in the efficacy population given that only 3 or 4 of these 85 patients' tumors would be expected to be MSI-H tumors and unlikely to substantially alter the overall results. However, inclusion of patients with MSI-H cancers may explain the slightly higher ORR observed in the microsatellite expression-unknown group compared with those documented to have MSS tumors (12.9% vs. 9.0%).
As shown in Table 5 , the data obtained in KEYNOTE-059/Cohort 1 demonstrated decreased assay sensitivity when archival tumor specimens were used to test for PD-L1 tumor expression. This finding raised concerns for the potential inclusion of patients with false negative PD-L1 tumor specimens among the subgroup of patients identified in the trial as having PD-L1-negative tumors and led to uncertainty regarding whether the ORR observed among the subgroup of patients whose tumors were classified as PD-L1 negative in the KEYNOTE-059 trial reliably characterized the treatment effect of pembrolizumab in these patients. On the basis of this uncertainty and the low ORR (6.4%) observed among the subgroup of patients with MSS or unknown microsatellite expression status who were PD-L1 negative, FDA concluded that the KEYNOTE-059 trial did not provide substantial evidence of a treatment effect on The safety profile of pembrolizumab in this application is similar to that previously reported and described in product labeling.
The most serious risks of pembrolizumab are immune-mediated adverse reactions; these risks are mitigated by early identification, withholding of pembrolizumab, and institution of corticosteroids and supportive care as needed.
Decreased assay sensitivity when archival tumor specimens were used to test PD-L1 expression raised concerns for the potential inclusion of patients with falsely negative PD-L1 tumor specimens among the subgroup of patients identified in the trial as having PD-L1-negative tumors. Therefore, there was residual uncertainty regarding whether the ORR observed among the subgroup of patients whose tumors were classified as PD-L1 negative in the KEYNOTE-059 trial reliably characterized the treatment effect of pembrolizumab in these patients.
Conclusion
Pembrolizumab treatment results in a durable overall response rate in patients with PD-L1-positive metastatic gastric or GEJ adenocarcinoma who have no satisfactory alternative therapy. This benefit outweighs the serious risks of immune-mediated adverse reactions and is considered acceptable given the high mortality of this disease. Approval based on this surrogate endpoint of durable responses is considered likely to predict clinical benefit and requires that Merck conduct confirmatory trial(s) to verify and describe the benefit of pembrolizumab for these patients.
Abbreviations: CI, confidence interval; GEJ, gastroesophageal junction; ORR, overall response rate.
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ORR that was likely to predict clinical benefit; thus, pembrolizumab was not approved for the treatment of patients with PD-L1-negative gastric/GEJ cancer.
The ability of the safety database provided in this supplemental application to identify unique adverse drug reactions occurring in patients with gastric cancer was limited by the lack of a control arm and by the relatively small number of patients enrolled in KEYNOTE-059/Cohort 1 (n = 259), as all adverse drug reactions occurring in at least 1% of patients could not be detected. Nevertheless, the safety profile of pembrolizumab in this application did not appear to differ from the known safety profile of pembrolizumab described in product labeling.
FDA notes that the 4% of patients enrolled in KEYNOTE-059/Cohort 1 have an approved treatment option based on the approval for pembrolizumab for treatment of patients with unresectable or metastatic, MSI-H or dMMR solid tumors that have progressed after prior treatment and who have no satisfactory alternative treatment options. FDA did not find the ORR of 9% (95% CI, 5.1-14.4) in the remaining 96% of patients with MSS gastric/GEJ cancers to be clinically meaningful. However, FDA considered the ORR of 13.3% (95% CI, 8.2-20.0) in the 143 patients with gastric/GEJ adenocarcinoma whose tumors express PD-L1 as determined by an FDA-approved test but without evidence of MSI-H or dMMR to be a clinically meaningful magnitude of response considering the durability of such responses. Specifically, the the time of the data cutoff date, 58% of such patients had response durations of 6 months or longer and 26% of patients had response durations of 12 months or longer.
CONCLUSION
The accelerated approval of pembrolizumab for the treatment of patients with recurrent locally advanced or metastatic, gastric or GEJ adenocarcinoma who have had disease progression on or after two or more prior systemic therapies, including fluoropyrimidine-and platinum-containing chemotherapy and, if appropriate, HER2/neu-targeted therapy, and whose tumors express PD-L1, is concurrent with the approval of the Premarket Approval Application supplement for the Dako PD-L1 IHC-22C3 pharmDx assay, for the identification of patients with gastric cancer that expresses PD-L1. The accelerated approval regulations describe approval of drugs and biologic products for serious and life-threatening illnesses based on a surrogate endpoint likely to predict clinical benefit. Under these regulations, one or more confirmatory trials are required to verify and describe the benefit of pembrolizumab for patients with metastatic gastric or GEJ adenocarcinoma.
